
Intracytoplasmic sperm injec-
tion (ICSI) was first devel-

oped in 1993 as a treatment for
male factor infertility — specifi-
cally, to overcome problems
with penetration of an oocyte by
a sperm cell. It is estimated that
150 000 couples sought medical
help for infertility in 2002 in
Canada; among them, 6400 un-
derwent in vitro fertilization
(IVF), in which ICSI was used in
about one third of the IVF cy-
cles. The live birth success rates
for ICSI are similar to standard
IVF (24.1% and 23.7%).1 In
Canada, the costs of standard
IVF are about $6000, and the
additional costs for ICSI are ap-
proximately $1000. Indications
for ICSI are listed in Box 1.

In spite of the empiric success
with ICSI, the long-term safety
of this technique has not been
conclusively established. Specifi-
cally, it is unclear whether ICSI
is associated with a greater sub-
sequent risk of birth defects.

Natural fertilization and
conventional in vitro fertiliza-
tion requires the successful
completion of a number of
steps. A fertilizing spermato-
zoon must pass layers of cells
and then make contact with the
zona pellucida, the acellular gly-
coproteinic envelope that sur-
rounds and protects the oocyte.
The interaction with the zona
pellucida requires the recogni-
tion of specific receptors on
both the sperm plasma mem-
brane and the zona. To pene-
trate the zona, a spermatozoon
must go through a process
called the acrosome reaction,
resulting in the release of en-
zymes that enable the digestion
of a path through the zona.
Once through the outer layers,
the spermatozoon must then
fuse with the plasma membrane
of the oocyte and be incorpo-
rated into the oocyte. Fusion of
the gametes triggers a cascade
of events leading to the comple-
tion of the oocyte’s meiosis and

the formation of the male and
female pronuclei.

Because ICSI involves the in-
jection of a single spermatozoon
directly into the oocyte (Fig. 1),
this procedure bypasses all the
preliminary steps of fertilization.
Matured eggs are obtained from
the woman by hormonal ovarian
hyperstimulation. The “best”
sperm are selected on the basis
of morphology and mobility.

Safety of ICSI
It is easy to appreciate that ICSI
is invasive to both the oocyte
and the sperm; little imagina-
tion is required to conjecture
that problems may arise from
the mechanical disruption of
the oocyte itself, resulting in
potential birth defects not seen
in natural fertilization or con-
ventional IVF. For example, the
final portion of oocyte matura-
tion occurs after egg activation,
and perturbations to the egg
could alter maturation and acti-
vation and produce long-term
consequences. De novo chro-
mosomal anomalies (abnormal
fetal karyotypes that are not in-
herited from either parent) are
possible consequences of ICSI.
In particular, errors that inap-

propriately activate a parental
allele have been reported.4

The available epidemiologic
evidence on the safety of ICSI
for the fetus is inconsistent. A
study in West Australia found
that both ICSI and IVF were
associated with increased major
birth defects at 1 year com-
pared with natural conception
(odds ratio [OR] 2.0, 95% con-
fidence interval [CI] 1.3 to 3.2;
OR 2.0, 95% CI 1.5 to 2.9 re-
spectively].5 In contrast, a
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Giving sperm a helping hand.

Box 1: Indications for ICSI

Established indications2

Severe deficit in semen quality

Obstructive azoospermia (failure
to ejaculate any sperm in the
presence of a mechanical
obstruction in the ejaculatory
system)

Nonobstructive azoospermia
(failure to ejaculate any sperm in
the absence of any mechanical
or physiological barrier)

Failed IVF or very poor
fertilization

Possible indications3

Sperm count < 1 million

Sperm morphology < 4% normal
forms



large-scale study in Sweden
found that the incidence of
malformations in children born
after ICSI was not significantly
higher than in normal
controls.6 Although the OR for
malformation was 1.75 (95%
CI 1.19–2.58) for ICSI after
adjustment for delivery hospi-
tal, year of birth and maternal
age, it was reduced to 1.19
(95% CI 0.79–1.81) after ad-
justment for multiple births (a
factor known to increase the
risk of birth defects). In a case-
controlled study in the UK,
Sutcliffe et al found no differ-
ence in mean neurodevelop-
mental scores or in any sub-
scales on the Griffiths’ scales of
mental development3 between
208 singleton children con-
ceived by ICSI and the 211
naturally conceived control
group matched for social class,
maternal educational attain-
ment, region, sex, and race;
perinatal outcomes were also
similar between the 2 study
groups. Bonduelle et al com-
pared the outcomes of ICSI
(2840 infants) and IVF (2955
infants) and found that the rate
of prematurity was slightly
higher in the ICSI (31.8%)
group than in the IVF (29.3%)
(p < 0.05) group, but the rate of
very low birth weight was
higher with IVF (5.7%) than
with ICSI (4.4%) (p < 0.05).
The rates of major malforma-
tions at birth were similar be-
tween the 2 groups.7

The difficulty in using evi-
dence from observational stud-
ies to determine the contribu-
tion of ICSI to the risk of birth
defects lies in the difficulty in
disentangling the contribution
of the underlying infertility it-
self: birth defects are more

common among offspring of
couples who had difficulty in
conceiving but were not treated
for infertility. The nature of
the link between infertility and
increased risk of birth defects is
unclear. It may be related to a
sharing of common pathophys-
iologic factors underlying both
infertility and adverse preg-
nancy outcomes, or to a sharing
of risk factors that causes both
infertility and adverse preg-
nancy outcomes. However, be-
cause of ethical concerns and
practical difficulties, it is im-
possible to conduct randomized
controlled trials to assess the
long-term safety of ICSI.

Given that the evidence on
the safety of ICSI is conflicting,
opting for this treatment can
present a difficult choice for pa-
tients. Physicians should counsel
patients based on the best possi-
ble evidence available and then
allow the couple to make an in-
formed choice. The options of
donor sperm insemination,
adoption and remaining child-
less should always be discussed.
Couples should feel free to
make the choice that is accept-
able to them given the informa-
tion that is available. No one
should feel pressured to pursue
an infertility treatment.

In the future, large scale co-
hort studies that examine demo-
graphic, clinical and laboratory
data may shed more light on
ICSI as a risk factor for birth de-
fects. Only by examining adverse
fetal and infant outcomes simul-
taneously, and determining the
association between ICSI and
rare clinical conditions while
controlling for confounding fac-
tors, can we provide the evidence
badly needed for infertile couples
to make an informed choice.
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